CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Risk of head and neck squamous cell cancer and death in patients
with Fanconi anemia who did and did not receive transplants

Philip S. Rosenberg, Gerard Socié, Blanche P. Alter, and Eliane Gluckman

Hematopoietic stem cell transplant (SCT)
is currently the only therapy that can
restore normal hematopoiesis in patients
with Fanconi anemia (FA). Patients with FA
have a high baseline risk of squamous cell
cancers (SCCs) of the head, neck, and
esophagus, and SCT conditioning may in-
crease SCC incidence. We evaluated the
risks of SCC and death in 145 patients with
FA in the North American Survey (NAS)
cohort who did not receive transplants, and
117 patients with FA in the Hoépital Saint
Louis (SLH) cohort who did receive trans-

plants. The age-specific hazard of SCC was
4.4-fold higher in patients who received
transplants than in those who did not
(P=.003), and SCCs occurred at signifi-
cantly younger ages in the former (respec-
tive medians, 18 and 33 years, P = .004).
Survival after SCC was similarly poor in
both cohorts (P = .135, median, 13 months).
The hazard of SCC increased at a greater
than linear rate, to 4.4% per year by age 40 in
NAS and 4.7% per year by 10 years after
transplant in SLH. In SLH, the hazard of
non-SCC death was biphasic, declining sig-

nificantly (P = .004) from 7.1% per month
during the first 6 months after transplant to
0.13% per month (1.6% per year) after the
first year. Acute and chronic graft-versus-
host diseases were significant SCC risk
factors. Adverse event rates in these co-
horts provide historical control rates to as-
sess emerging therapies for FA. (Blood.
2005;105:67-73)
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Introduction

Fanconi Anemia (FA) is an autosomal recessive genomic instability
syndrome! associated with congenital abnormalities, progressive pancy-
topenia, and a predisposition to cancer.> Acute myeloid leukemia
(AML) is the most frequent cancer of FA,? but a number of specific solid
tumors occur at remarkably high rates in patients with FA who survive to
adulthood, notably squamous cell cancers (SCCs) of the head, neck, and
esophagus, and vulvar and cervical cancer in women.*>

Hematopoietic stem cell transplant (SCT) is currently the only
therapy that can restore normal hematopoiesis in FA. It has been
difficult to optimize transplant protocols for patients with FA.
Standard regimens are too toxic for patients with FA,%7 but the graft
will fail if the conditioning is too mild. Effective regimens have
been developed.® However, in non-Fanconi patient populations,
conditioning increases the incidence of certain tumors,”!# espe-
cially SCCs, that occur at high baseline rates in FA. The occurrence
of these cancers in Fanconi patients following SCT has been an
ongoing concern.'>-20

Two methodological issues affect risk assessment in patients
with FA who receive transplants. First, SCT protocols for patients
with FA are institution-specific, and when protocols are enhanced
over time, a number of modifications may be made at once.
However, secondary solid tumors and some transplant-related
deaths occur years after transplant. Therefore, the ultimate assess-
ment of any new protocol must compare adverse event rates that
manifest over time to corresponding rates in the past, for instance,

using historical controls. Second, because the baseline risks of
certain cancers are elevated in FA, the logical comparison group for
patients with FA who receive transplants is patients with FA who
did not receive transplants. To our knowledge, this comparison has
not been made previously.

In this study, we evaluate the risk of SCC and death in patients
with FA who did and who did not receive transplants. The
transplant cohort consists of patients from Hopital Saint Louis in
France (SLH), one of the largest series of patients with FA to
receive transplants by a single team at a single institution.!>1%-20
The cohort of patients who did not receive transplants consists of
patients in the North American Survey (NAS),* a retrospective
natural history cohort with validated cancer diagnoses. Since
transplant protocols for FA are being modified continuously, the
adverse event rates in the SLH series may serve as historical
control rates, and the patterns of risk in patients who received
transplants versus patients who did not may shed light on the
etiology of tumors in FA.

Patients, materials, and methods

The Hopital Saint Louis Transplant Cohort (SLH)

We studied 117 consecutive patients with FA who received transplants at the
Hopital Saint Louis in Paris, France (SLH), from November 1976 to
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October 2002 and followed through February 15, 2003. One half of the
patients received transplants from 1988 through 1997 and one quarter from
1998 through 2002. A single institutional team led by one of the authors
(E.G.) conducted transplants in all patients in the series. All treatment
protocols were reviewed and approved by the ethics review board of the
Hopital Saint Louis, Paris, France, in operation at the time of each
transplant. Details of the protocols have been reported elsewhere.!>19-20

This analysis investigates SCC and death rates in the entire cohort,
incorporating recent follow-up. Treatment modalities have been refined
over the study period. Most patients (113 of 117, 97%) received cyclophos-
phamide 20 mg/kg, and most patients (99 of 117, 85%) received irradiation.
Seventy-three patients received total lymphoid irradiation at 5 Gy, and 26
patients received total body irradiation at 2 to 6 Gy. A number of other
agents were used in the conditioning regimens of some patients, including
antithymocyte globulin (ATG) in 41 patients (35%, from 1979 to the
present), busulphan in 10 patients (9%, beginning in 1994), and fludarabine
in 13 patients (11%, beginning in 2000). CD34* donor stem cell selection to
effect T-cell depletion was performed in 18 transplants (15%, beginning in
1996 and ending in 1999). Prophylaxis for graft-versus-host disease
included cyclosporin A (CSA) alone (71 patients, 61%), CSA and monoclo-
nal antibody (3 patients), steroids (3 patients), CSA and steroids (22 patients,
19%), methotrexate (5 patients), CSA and methotrexate (3 patients), and CSA
and antithymocyte globulin and steroids (10 patients, 9%).

Host factors, including the date of onset of acute or chronic graft-versus-
host disease, and donor factors, including HLA match and donor sex, were
extracted from the medical records. In this analysis, the 56 “matched”
patients received stem cells from an HLA-identical sibling. The 61
“unmatched” patients received stem cells from alternative donors, for
instance, other relatives (9 patients) or unrelated donors (52 patients). An
active effort was made to contact surviving patients near the end of the
reporting period. Some patients could not be contacted, including a number
of patients who had left France. A total of 15 patients (13%) were lost to
follow-up prior to January 2000. Fifteen patients (13%) received a second
transplant due to primary graft failure. We included follow-up beyond any
second transplant in our analysis.

The North American Survey Natural History Cohort (NAS)

The North American Survey (NAS) is a retrospective natural history cohort
of 145 persons with FA from the United States and Canada.* Cohort
members belonged to the United States or Canadian FA family support
groups and had proven FA by chromosome breakage analysis. The study
database includes follow-up through October 2000. NAS subjects were
followed for bone marrow failure leading to bone marrow transplant
(BMT), AML, solid tumors, and death. Cancer diagnoses were confirmed
using medical records, pathology reports, or death certificates. Fifty of the
145 NAS subjects received transplants; 3 had prior AML and 2 had prior
non-SCC solid tumors. In the remaining 45, the indications for BMT were
aplastic anemia in 37 subjects and myelodysplastic syndrome in 8. In both
cohorts, informed consent was provided according to the Declaration
of Helsinki.

Statistical methods

The most common solid tumor type in both cohorts was SCC; other tumors
occurred too infrequently for meaningful comparative analysis. In both
cohorts, survival after SCC (post-SCC survival) could be evaluated. We
compared the demographics of SLH and NAS using Fisher exact test
(proportions) or the Wilcoxon rank sum test (continuous variables). In each
cohort, we estimated the effect of developing an SCC on overall survival
using the Cox proportional hazards model,?' with the occurrence of SCC
treated as a time-dependent covariate. We contrasted post-SCC survival in
SLH versus NAS using the Cox proportional hazards model and estimated
median post-SCC survival using the actuarial (Kaplan-Meier) approach.??

Competing risks analysis

Patients in each cohort were at risk of competing adverse events. In SLH,
we analyzed development of SCC and non-SCC death as competing risks;
the time scale was years since transplant. In NAS, we analyzed develop-
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ment of SCC, non-SCC death, and BMT as competing risks; the time scale
was age in years. For comparability with SLH, the competing endpoints in
this analysis of NAS differ from our previous report.* Here, we count BMTs
in NAS that occurred subsequent to AML or non-SCC tumors, and the end
point non-SCC deaths include deaths in AML patients who did not receive
transplants.

In each cohort, we estimated the cumulative incidence of each event in
the presence of the competing risks using the nonparametric maximum
likelihood estimator.>> We obtained flexible and smooth estimates of the
absolute cause-specific hazard functions using spline functions.?* In SLH,
we also estimated absolute non-SCC death rates for periods of 0 to 6
months, 7 to 12 months, and more than 12 months since transplant using
tabulations of non-SCC deaths and person-years and Poisson regression.”

Risk factor analysis

In SLH, we examined 8 treatment factors, 4 host factors, and 3 donor factors for
association with the outcome of non-SCC death and development of SCC. These
hypotheses were declared in our study protocol prior to analyzing the data; we
describe the specific factors in “Results.” For each outcome, we considered these
sets of risk factors as 3 separate families of hypotheses. We adjusted for multiple
comparisons within each family to control the false discovery rate (FDR).?® The
FDR is the expected proportion of falsely rejected hypotheses among the set of
rejected hypotheses. We report both raw and FDR adjusted P values.”” We
conducted 2 complementary analyses of each hypothesis. The first analysis,?
called rate-ratio analysis, contrasted the ratio of event rates observed in 2 groups
using the confidence limits and P value obtained from an exact binomial test. A
potential drawback of this method is that it does not control for time, for instance,
it compares 2 aggregate rates. The second analysis estimated the hazard ratio in 2
groups using the proportional hazards model, which does account for time. We
report the exact (rate ratio) method in “Results” except for the analysis of host
factors and SCCs, in which we used proportional hazards because we found clear
evidence of confounding by time.

Comparative analysis of age-specific event rates

Finally, we made a comparative (cross-sectional) analysis of age-specific
SCC and non-SCC death rates in patients with FA who received transplants
versus those who did not. In this analysis, we compared rates in NAS
subjects prior to BMT to corresponding rates in SLH patients who survived
the high-risk peritransplant period of 0 to 6 months and attained the same
age. We excluded the peritransplant period because it has no comparable
counterpart in the nontransplanted natural history of FA. Thus, this analysis
included the subset of SLH patients who survived past 6 months; they
entered follow-up at the age at transplantation plus 0.5 years and exited
follow-up at the age last known alive. From these data, we obtained
smoothed estimates of age-specific hazard rates of SCC and non-SCC death
in each cohort using spline functions. We then computed the cumulative
incidence of SCC by age, according to the actuarial definition; in SLH, this
calculation accounted for late entry.?’ These calculations give hypothetical
probabilities of development of SCC, if the competing risk of non-SCC
death could be removed and the risk of SCC remained unchanged.

Results

In NAS, 145 patients with FA who did not receive transplants
contributed 1983 person-years, 21 non-SCC deaths, and 7 SCCs. In
SLH, 117 patients with FA followed after transplantation contrib-
uted 508 person-years, 48 non-SCC deaths, and 11 SCCs (Table 1).
Patients tended to be older at transplantation in SLH than NAS
(medians, 10.8 and 8.9, P = .048), and they tended to have earlier
birth years (medians, 1981 and 1985, P = .003). Patients devel-
oped SCC at significantly younger ages in SLH than NAS
(medians, 19 and 33 years, P = .004).

SCC was an adverse risk factor for death in the cohorts who received
transplants and the cohorts who did not. In patients with FA who did not
receive transplants (NAS), the risk of death was increased 30-fold (95%
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Table 1. Characteristics of patients with FA in the NAS and SLH cohorts

NAS SLH Pt
No. of cases 145 117 NA
Person-years of follow-up, total 1983 508 NA
Male-to-female ratio 76:69 56:61 .54

Year of birth, (interquartile range*) 1985 (1980-1990) 1981 (1974-1987) .003
Median age, y at SCT (interquartile range) 8.9 (5.7-12.7)% 10.8 (7.4-13.5) .048
Total deaths prior to SCC 21 48 NA
Total SCC numbers 7 11 NA
Ages at onset of SCC, y 28,27, 28, 33, 33, 44, 44 10, 16,17, 17,18, 19, 22, 23, 24, 28, 33 .004
Time from transplantation to onset of SCC, y NA 55,5.7,75,8.4,7.0,12.4,9.5,9.4,13.8,21.8, 14.4 NA

NA indicates not applicable.
*The interquartile range includes the middle 50% of the data.

1P value from Fisher exact test (male-to-female ratio) or Wilcoxon test (other contrasts).
1Fifty subjects in NAS had a stem cell transplant (BMT); these subjects were not followed beyond BMT in this analysis.
§These tumors (all head and neck cancers) arose before BMT in NAS and after BMT in SLH.

CI =2.9-317, P = .002) subsequent to SCC; in patients with FA who
did receive transplants (SLH), it was increased 66-fold (95% CI = 12.3-
352, P = 4.2%1077). Survival after SCC was not significantly different
between the 2 cohorts (P = .135); the median survival after SCC in the
18 SCC cases was 13 months.

Competing risks analysis in NAS and SLH

In NAS, the cause-specific hazard of development of SCC in-
creased at a greater-than-linear rate (Figure 1A), approaching 4.4%
per year (%/y) by age 40 (95% CI = 1.9%-7.7%ly). The cause-
specific hazard of non-SCC death (from complications of bone
marrow failure and non-SCC solid tumors) leveled off at 1.5% per
year by age 13 (95% CI = 0.8%-2.3%/y). The cause-specific
hazard of bone marrow transplant (BMT) increased to a peak of
around 4.4% per year at age 7 (95% CI = 3.2%-5.7%l/y). Using the
competing risks definition for the 3 end points, the cumulative
incidence by age 45 was 19% (95% CI = 7%-31%) for develop-
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Figure 1. Competing risks analysis in NAS and SLH. (A) Annual hazard rates
(incidence rate per year among subjects who are still susceptible) of bone marrow
failure leading to bone marrow transplant (BMT), non-SCC death, and development
of SCC, by age, in NAS, and 95% point-wise confidence envelopes (shaded regions).
(B) Cumulative incidence (cumulative percent experiencing each event as initial
cause of failure in subjects at risk of each adverse event) by age, in NAS, and 95%
Cls at selected years (error bars). (C) Annual hazard rates of non-SCC death and
development of SCC, in SLH, by years since transplant, and 95% point-wise
confidence envelopes (shaded regions). (D) Cumulative incidence, by years since
transplantation, in SLH, and 95% Cls at selected years. Hazard rates shown in (A)
and (C) are plotted using different y-axis scales. In (C), corresponding crude monthly
non-SCC death rates for months 1 to 6 were 7.1%, 10.7%, 9.1%, 7.6%, 5.7%, and 0%
per month, respectively.

ment of SCC, 22% (95% CI = 13%-30%) for non-SCC death, and
52% (95% CI = 39%-64%) tor BMT (Figure 1B).

In SLH, the cause-specific hazard of development of SCC also
increased at a greater-than-linear rate, rising to 4.7% per year (95%
CI = 2.1%-8.3%/y) by 10 years after transplantation and 10.1%
per year (95% CI = 4.2%-20.5%/y) by 15 years after transplanta-
tion (Figure 1C). The cause-specific hazard of non-SCC death was
biphasic. The mortality rate was extremely high during the first 6
months after transplantation (Figure 1C). Using the competing
risks definition, by 10 years after transplantation, the cumulative
incidence was 12% for development of SCC and 44% for non-SCC
death (Figure 1D). By 15 years after transplantation, the cumula-
tive incidence of SCC rose to 24% (95% CI = 10%-38%), and the
cumulative incidence of non-SCC death rose to 55% (95%
CI = 39%-71%).

Risk factor analysis in SLH

Non-SCC death. A number of factors were significantly associated
with the hazard of non-SCC death, after controlling for multiple
comparisons (Table 2). The significant treatment factors include expo-
sure to antithymocyte globulin, graft-versus-host disease prophylaxis
more intensive than cyclosporin A alone, total lymphoid irradiation, and
busulphan. Interpretation of these effects is difficult because treatment
factors are confounded with the underlying difficulty of the transplant.
In addition, the host factors of severe acute graft-versus-host disease
(grades III and IV—severe AGVHD—versus none through grade II)
and older age at transplantation were significant (adjusted P values of
1.6¥1071¢ and .001, respectively). One donor factor, HLA alternative
donors versus matched sibling donors, was significant (adjusted P value
of 1.0¥10%).

Rates of non-SCC death during the periods O to 6 months, 7 to
12 months, and more than 12 months since transplantation are
shown in Figure 2B-D, respectively, for the high- and low-risk
subgroups identified in Table 2. Figure 2A shows the number of
patients in each subgroup. During the period 0 to 6 months, the
overall non-SCC mortality rate was 7.1% per month (%/m) (95%
CI = 5.2%-9.9%/m), ranging from 2.4% to 20.6% per month across the
subgroups. Rates were uniformly lower during the period of 7 to 12
months (Figure 2C), during which the overall rate was 1.1% per month
(95% CI = 0.4%-2.8%/m). The hazard was significantly lower thereaf-
ter (P = .004). During this period more than 12 months after BMT
(Figure 2D), the overall non-SCC death rate was 0.13% per month (95%
CI = 0.064%-0.283%/m). On an annualized basis, this rate equals 1.6%
per year (95% CI = 0.8%-3.4%ly). During the period O to 6 months, the
lowest monthly non-SCC mortality rate, 2.4% per month, was observed
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Table 2. Significance analysis and relative hazards (RHs) for factors affecting the risks of non-SCC death and development of SCC in SLH

Factors* Non-SCC Deaths (48 events) SCC (11 events)
Raw P value} Raw P value
Treatment factors RH (95% CI)t (adjusted P value)§ RH (95% CI)t (adjusted P value)
Antithymocyte globulin 4.1 (2.2-7.3) 8.3 X 1076 (6.7 X 1079) of 44
Other GVHD prophylaxis 2.9 (1.6-5.1) 2.6 X 1074 (.001) 1.8 .51
Total lymphoid irradiation at 5Gy 0.4 (0.2-0.8) .01 (.08) 1.9 .90
CR with busulphan 5.0 (1.3-13.6) .02 (.04) 0 .99
Total body irradiation at 5Gy 2.0 A1 0 .69
CD34* cell selection 1.9 18 0 .87
CR with fludarabine 1.6 .71 0 LE)
CR with cyclophosphamide ND|| 1.00 ND|| .99
Host factors
Acute GVHD: grade Il + IV versus 0-II 13.8 (7.8-22.2) 4.0 X 10717 (1.6 x 10716) 32.8 (2.7-392) .006 (.026)
Age at transplantation: at least 10.8 y vs younger than 10.8 y 2.7 (1.5-4.9) 5.2 X 1074 (.001) 2.2 22
Chronic GVHD: extensive vs none + limited; f/u beyond 6 mo 2.3 .29 | .02 (.03)
Sex of patient: male vs female 1.0 .99 2.9 14
Donor factors

HLA: alternative donors vs matched siblings 5.4 (3.0-9.7) 3.3x1079(1.0 X 1078) 0.8 .99
Sex of donor: male vs female 1.8 (1.0-3.3) .052 (.08) 1.5 .70
Year of transplantation: 1993 or later vs before 1993 1.7 .09 0 1

F/u indicates follow-up.

*Treatment, host, and donor factors are analyzed as separate families of hypotheses, as described in “Patients, materials, and methods.” CR is conditioning regimen;
GVHD is graft-versus-host disease. The median age at transplantation was 10.8 years, and the median year of transplantation was 1993. Other GVHD prophylaxis contrasts
cyclosporin A (CSA) alone versus any of the following “other” regimens: CSA and monoclonal antibody, steroids, CSA and steroids, methotrexate, CSA and methotrexate, CSA
and antithymocyte globulin and steroids. Total lymphoid irradiation (TLI) and total body irradiation (TBI) contrast TLI and TBI versus no TLI and no TBI, respectively.

tRelative hazard (RH) and exact 95% confidence interval (Cl) and Pvalue estimated by rate-ratio analysis, except for analyses of host factors and SCC. In those analyses,
RHs were obtained using the proportional hazards models, because time was associated with the risk factors acute and chronic GVHD and age at transplantation, and with the

outcome SCC.

1P values unadjusted for multiple comparisons.

§P values adjusted for multiple comparisons using the Benjamini-Hochberg FDR procedure are shown whenever the raw P values are less than or nearly equal to .05.
IIND indicates not determined. In 117 patients, 113 received cyclophosphamide and 4 did not. Rate-ratio analysis was not informative.
9/An RH of infinity is obtained if all 11 SCC events occur in a subgroup of interest. An RH of 0 is obtained if none of the 11 SCC events occur in a subgroup.

in patients whose donor was an HLA-matched sibling versus all types of
alternative donors (Figure 2B). After this period, the non-SCC mortality
rate in this group was not lower than the overall mortality rate (Figure
2C-D). In each time period, the highest non-SCC mortality rate was

A Subgroups

Number of Patients
(5.3
[=]

ZLH L L

ATG OtherGVHD TLI BU Severe  Age  Alternative
Prophylaxis AGVHD =108 Donor
@ B Rate, 0 - 6 months
=
™
I
3‘5 20
€ 10 + + 'ﬁ & 2 + 7.1%/month
éo | (4] d) Tt i) T d) i
z 0 ¥ F1= - - ¥ ¥T- -
ATG OtherGVHD TL BU Severe A%e Alternative
Prophylaxis AGVHD =108 Donor
@ C Rate, 7 - 12 months
% 10
8g 8
og 6-
g€ 4 .
PR 5
g” 2 | ‘JA: é 5 1.1%/month
s 0 - = +1- Fl= +T- - e
ATG Other GVHD TLI BU Severe Age Alternative
Prophylaxis AGVHD =108 Donor
0 D Rate, = 12 months
£ 15
3 <
(=] 'g 1
QE
@ % 05 4
5 . b—4o & r - &—— 0.13%/month
= +1- +1- - - +1- +1- +T-
ATG Other GVHD TLI BU Severe Age  Alternative
Prophylaxis AGVHD =108 Donor

observed in the 27 patients who developed severe AGVHD (Figure
2B-D). During the period more than 12 months, the monthly non-SCC
mortality rate in this high-risk group was 1.19% per month, significantly
higher than the corresponding overall rate.

Figure 2. Monthly non-SCC death rates in subgroups
of SLH patients. Estimates are shown for factors found
to be significant in Table 2. ATG is antithymocyte globulin,
TLI is total lymphoid irradiation, and BU is busulphan.
(A) Number of patients in each subgroup. (B) Incidence
rate per month of non-SCC death during the period 0 to 6
months since transplantation, by subgroup, and 95% Cl
(error bars) obtained using Poisson regression. Refer-
ence line and interval (shaded) shows the monthly death
rate and its 95% CI for the entire SLH cohort. (C)
Incidence rates per month of non-SCC death during the
period 7 to 12 months since transplantation, overall, and
by subgroup. (D) Incidence rates per month of non-SCC
deaths during the period more than 12 months since
transplantation, overall, and by subgroup. No TLI- or
BU+ subjects were followed beyond 6 months, so the
corresponding rates in panels C and D cannot be deter-
mined.
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In the low-risk subgroup with an HLA-matched sibling donor,
60% were alive and free of SCC for a decade or longer after BMT,
compared to 19% in the high-risk subgroup with alternative donors.
In the very high-risk subgroup that developed severe AGVHD,
only 4% were alive and free of SCC at 6 years after SCT.

Development of SCC. Two factors were significantly associated
with the hazard of development of SCC after controlling for multiple
comparisons (Table 2). Severe AGVHD was associated with a 33-fold
increase in the hazard of SCC (95% CI = 2.7-392, adjusted P = .026).
Chronic graft-versus-host disease, extensive versus limited or none
(CGVHD), also was significantly associated with SCC (adjusted
P = .03); all 11 patients with SCC had previously developed CGVHD.
Severe AGVHD remained a significant risk factor for SCC in a
proportional hazards model restricted to the 41 patients with CGVHD
(P =.002). Among 41 patients with CGVHD, 8 patients had severe
AGVHD, 2 of whom developed SCC. These 2 tumors had the shortest
observed latency periods (5.5 and 5.7 years) and the youngest ages at
onset (10 and 16 years) (Table 1).

Comparative analysis of age-specific event rates

We contrasted age-specific event rates in NAS (Table 1) with the
corresponding rates in SLH patients who survived the peritrans-
plant period (defined as O to 6 months) and attained the same age.
Sixty-five SLH patients followed beyond the peritransplant period
contributed 464 person-years, 11 non-SCC deaths, and 11 SCCs to
this comparative analysis. In SLH, the age-specific hazard of
development of SCC increased at a greater than linear rate (Figure
3A). The shape of the hazard function in SLH was similar to that
observed in NAS. By age 25, the annual hazard for SCC in SLH
was 6.2% per year (95% CI = 2.9%-13.0%/y). The annual hazard
for SCC within the NAS reached similar levels much later in life,
that is, 6.3% per year (95% CI = 2.3%-11.2%/y) by age 45,
indicating that SLH patients attained high hazard rates at consider-
ably younger ages than NAS patients. In a proportional hazards
model, the age-specific hazard of SCC was 4.4-fold higher in SLH
compared to NAS (95% CI = 1.7-11.9; P = .003).

Rates of non-SCC death were slightly higher in younger SLH
patients compared to NAS subjects of the same age (Figure 3B).
The death rates appeared progressively higher in older SLH
patients; however, the estimated hazard rates are uncertain due to
the small sample size. In a proportional hazards model, the overall
hazard ratio (HR) was not significantly elevated in SLH patients
(HR = 1.5, 95% CI = 0.7-3.3; P = .30). A test of cohort-by-time
interaction was marginally significant (P = .053).

In each cohort, we computed the cumulative incidence of SCC
by age according to the actuarial definition that “removes” the
competing risk of non-SCC death (Figure 4). In this scenario, 50%
of patients who receive transplants are projected to develop SCC by
age 29, whereas 50% of patients who do not receive transplants are
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Figure 3. Comparative annual hazard rates by age in NAS and SLH. (A) Annual
hazard rates of SCC in NAS and SLH, by age, and 95% confidence envelopes
(shaded regions). (B) Annual hazard rates of non-SCC death in NAS and SLH, by
age, and 95% confidence envelopes. Comparative SLH hazard rates in (A) and (B)
were derived using data from patients who survived beyond the 6-month landmark.
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Figure 4. Hypothetical cumulative incidence curves for SCC in NAS and SLH.
Observed actuarial cumulative incidence curves for SCC (step functions) and
spline-smoothed estimates (smooth curves); shaded regions show 95% point-wise
confidence intervals. Curves in NAS and SLH indicate the cumulative incidence of
SCC expected if the competing risks of non-SCC death could be removed and the
hazard of development of SCC remained unchanged.

expected to develop SCC by age 45. The projected 16-year shift in
the age-at-onset distribution of SCC is consistent with the younger
ages-at-onset of SCC observed in SLH versus NAS in the presence
of competing mortality (Table 1).

Discussion

Stem cell transplantation for Fanconi anemia presents a challenging
therapeutic balancing act.® The conditioning regimen must be strong
enough to enable engraftment but not so strong that it kills the host.
Standard regimens using high doses of irradiation and cyclophospha-
mide are too toxic for patients with FA, who are hypersensitive because
of their underlying DNA repair defect. SCT regimens modified for
patients with FA have met with some success. Overall, 44% of SLH
patients were alive and free of SCC for a decade or longer after SCT.
This probability was increased to 60% among the subset of patients with
an HLA-identical sibling donor. In contrast, 96% of patients who
developed severe AGVHD had died or developed an SCC by 6 years
after SCT. Overall, the rate of non-SCC death was similar in patients
who received transplants who survived to the 6-month landmark
compared to patients of the same age who did not receive transplants,
with a nonsignificant trend toward higher mortality rates in long-term
transplant survivors.

The non-SCC death rates observed here for the entire SLH
cohort and for high- and low-risk subgroups might serve as
historical control rates in power and sample size calculations for
new transplant protocols and as an assessment of the evolving
experience with newer transplant regimens in use today. It must be
emphasized that technologies in use now may not result in such a
high incidence of SCC. Furthermore, as previously recognized,*
many of the risk factors are interdependent, and we did not attempt
to separate the effects. This makes it difficult to rigorously compare an
event rate observed in a heterogeneous cohort of patients to a single
historical control rate. Nonetheless, rough comparisons might be useful
when it is not feasible to conduct randomized clinical trials.

It is hoped that new conditioning regimens will improve the
outcomes by reducing the trio of hazards described in our analyses: early
deaths, late deaths, and SCC arising years after SCT. In the cohorts who
received transplants and the cohorts who did not, the prognosis was
similarly poor after SCC; it can be difficult to treat these tumors using
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standard radiation and chemotherapy regimens because patients with FA
are particularly sensitive to their cytotoxic effects.!

In the SLH cohort, severe AGVHD (grades III and IV versus
grades none through grade II) was a strong risk factor, both for
non-SCC mortality and for the development of SCC. CGVHD
(extensive versus limited plus none) also was a strong risk factor
for SCC. Indeed, all SLH patients who developed SCC had
CGVHD. Severe AGVHD and CGVHD may have independent
effects on SCC. The current analysis provides additional insight
into the previously reported association between AGVHD and the
risk of adverse outcomes in a subset of SLH patients who received
transplants from matched sibling donors.?

A minority of patients, 18%, received transplants using T-cell
depletion of the stem cell source via CD34* stem cell selection. A
larger minority of patients, 35%, was conditioned using ATG. As a
group, SLH patients might have had a comparatively high risk of
AGVHD and CGVHD compared to cohorts of patients whose
conditioning regimens included both of these modalities.3?-34
However, T-cell depletion and/or ATG also may increase the risk of
graft failure.?*3> In our view, the optimal protocol remains unclear.
The SLH group does not use ATG with matched sibling donors but
does use ATG with unrelated donors. By this point in time, several
other transplant centers may have long-term follow-up of substan-
tial numbers of patients treated with T-cell depletion and/or ATG,
and a similar study of the long-term outcomes would be of interest.

We compared the rate of development of SCC in patients with
FA receiving transplants to the rate in patients with FA of the same
age who did not receive transplants. We found that the rate was
4.4-fold higher after SCT, a significant elevation. This relative risk
is of the same order as that observed in heterogeneous cohorts of
non-patients with FA who received transplants for a number of
indications.’!* Cyclophosphamide and irradiation are thought to be
independent transplant-related risk factors for SCC.3? patients with
FA are hypersensitive to each of these exposures, and for this
reason, they receive comparatively low doses to compensate.>® On
balance, the relative risks observed in patients with FA who
received transplants compared to patients with FA who did not are
similar to those in non-patients with FA who received transplants
compared to the general population. However, this elevated relative
risk is acting on the high Fanconi baseline. The absolute cause-
specific hazard rate of SCC increased over time to remarkably high
values: 4.7% per year by 10 years after transplantation, and 10.1%
per year by 15 years after transplantation. In the presence of
competing mortality, the cumulative incidence of SCC was 24% by
15 years after transplantation. As shown in our comparative
analysis, SCC manifests at considerably younger ages in patients
with FA who received transplants than in those who did not.

Strengths of our study include the representativeness of each
cohort, the duration of follow-up, and our analytical methods. These
allowed us to develop competing risks models for each cohort, identify
significant risk factors despite limited numbers of events, and contrast
the experience of each cohort while accounting for the later ascertain-
ment of patients in SLH beginning at the age at transplantation.

The major limitation of our study is that we cannot prove that
subjects in the NAS and the SLH belonged to cohorts that were
born with the same intrinsic susceptibility to SCC. The NAS cohort
consists of 145 respondents of 318 subjects who belonged to the
United States and Canadian FA family support groups. Therefore,
the cohort is subject to the bias of volunteerism and may underestimate
cancer incidence. However, since it was known to be a cancer study, it
could overestimate cancer incidence. It is reassuring that the cancer risks
before transplantation in the NAS, in the literature, and in the Interna-
tional Fanconi Anemia Registry (IFAR) all are similar.’” In addition,
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most of the North American patients are of European origin, and thus
somewhat comparable with respect to ethnic background to the patients
who received transplants in Paris. In the absence of a comprehensive
national registry or cohort of patients with FA enrolled at diagnosis,
these observations support our use of the NAS cohort as a control group
for the SLH transplant cohort.

Furthermore, although we can’t be sure, we do not think the NAS
cohort represents a group of patients with FA at substantially lower risk
of myelodysplastic syndrome, AML, or BMT than the population
treated by SLH. Indeed, as we showed previously in the NAS,* the
cumulative incidence by age 48 of BMT, AML, or noncancer death was
64%. Thus, about two thirds of the NAS cohort either received a BMT
or developed a positive indication for one.

Since complementation group assignment and mutation testing
are incomplete in both cohorts, we did not attempt to compare the
genetic distributions or adjust for genetic factors. We anticipate that
future studies will assemble larger FA cohorts with additional data;
our analytical approaches will remain entirely applicable.

Akey etiological question is whether the tumors were caused by the
underlying condition of FA, by transplant-related factors, or by an
interaction.%38 The hazard of SCC appears to increase at a greater-than-
linear rate with the time since transplantation, similar to the pattern seen
for SCC in non-FA transplant populations treated with similar condition-
ing regimens.'? Considering the young ages at onset, it seems plausible
(but cannot be proven from these data) that transplant-related factors
initiated or accelerated SCC in some cases.

As previously noted, both acute and chronic graft-versus-host
diseases were strong risk factors for SCC. Two previous studies®>
suggested that the presence of urogenital and/or renal malformations
was associated with an increased risk of acute graft-versus-host disease,
which in turn predisposes to SCC. The biologic basis for this association
is unclear, and we did not examine this finding in our cohort.

Novel “milder” SCT conditioning regimens for patients with FA
recently have been designed that employ less or no cyclophospha-
mide, less or no irradiation, T-cell depletion, and alternative agents
such as fludarabine and antithymocyte globulin.323340-42 One goal
of these protocols is to reduce both acute and chronic graft-versus-
host diseases. It is hoped that these gentler regimens also will result
in lower rates of SCC and non-SCC deaths, but patients treated
with these new modalities must be carefully monitored (long-term)
for unexpected adverse events.*>4

Despite past progress and the potential of new SCT protocols to
improve the outcomes, our comparative analysis highlights an important
and discouraging fact. Even if an optimal SCT protocol could be
developed that eliminated non-SCC deaths and reduced SCC incidence
to baseline, one would still expect to see half or more patients with FA
develop SCC or another solid tumor by their mid-40s. Clearly, new
interventions are needed to reduce SCC incidence in patients with FA
who receive transplants and those who do not. For example, patients
with FA may be particularly susceptible to human papillomavirus
(HPV)-induced carcinogenesis.*> HPV vaccines, which are currently
under development, might help to prevent HPV infection in both the
cervix and the oropharynx.*® Until such time, it is clear that patients with
FA require meticulous surveillance for head and neck cancer, beginning
ata very young age.

Acknowledgments

We are grateful to the Association Francaise de la Maladie de
Fanconi, the Fanconi Anemia Research Fund, Fanconi Canada, and
all of the families who participated in the NAS. We thank Dr Mark
H. Greene for his support and critical review of the manuscript.



BLOOD, 1 JANUARY 2005 + VOLUME 105, NUMBER 1

References

10.

1.

12.

13.

14.

15.

16.

17.

RISKS IN FAPATIENTS WITH AND WITHOUT TRANSPLANTS 73

D’Andrea AD, Grompe M. The Fanconi anaemia/
BRCA pathway. Nat Rev Cancer. 2003;3:23-34.

Alter BP. Inherited bone marrow failure syn-
dromes. In: Nathan DG, Orkin SH, Look AT, Gins-
burg D, eds. Hematology of Infancy and Child-
hood. Philadelphia, PA: WB Saunders; 2003:280-
365.

Alter BP. Fanconi’s anemia and malignancies.
Am J Hematol. 1996;53:99-110.

Rosenberg PS, Greene MH, Alter BP. Cancer in-
cidence in persons with Fanconi anemia. Blood.
2003;101:822-826.

Alter BP. Cancer in Fanconi anemia, 1927-2001.
Cancer. 2003;97:425-440.

Gluckman E, Devergie A, Schaison G, et al. Bone
marrow transplantation in Fanconi anaemia. Br J
Haematol. 1980;45:557-564.

Gluckman E, Devergie A, Dutreix J. Radiosensi-
tivity in Fanconi anaemia: application to the con-
ditioning regimen for bone marrow transplanta-
tion. Br J Haematol. 1983;54:431-440.

Gluckman E. Allogeneic bone marrow transplan-
tation in Fanconi anemia. Bone Marrow Trans-
plant. 1996;18(suppl 2):140-144.

Witherspoon RP, Fisher LD, Schoch G, et al. Sec-
ondary cancers after bone marrow transplanta-
tion for leukemia or aplastic anemia. N Engl

J Med. 1989;321:784-789.

Socie G, Henry-Amar M, Bacigalupo A, et al. Ma-
lignant tumors occurring after treatment of aplas-
tic anemia. European Bone Marrow Transplanta-
tion-Severe Aplastic Anaemia Working Party.

N Engl J Med. 1993;329:1152-1157.

Bhatia S, Ramsay NK, Steinbuch M, et al. Malig-
nant neoplasms following bone marrow trans-
plantation. Blood. 1996;87:3633-3639.

Curtis RE, Rowlings PA, Deeg HJ, et al. Solid
cancers after bone marrow transplantation.
N Engl J Med. 1997;336:897-904.

Socie G, Curtis RE, Deeg HJ, et al. New malig-
nant diseases after allogeneic marrow transplan-
tation for childhood acute leukemia. J Clin Oncol.
2000;18:348-357.

Ades L, Mary JY, Robin M, et al. Long-term out-
come after bone marrow transplantation for se-
vere aplastic anemia. Blood. 2004;103:2490-
2497.

Socie G, Henry-Amar M, Cosset JM, et al. In-
creased incidence of solid malignant tumors after
bone marrow transplantation for severe aplastic
anemia. Blood. 1991,78:277-279.

Witherspoon RP, Storb R, Pepe M, Longton G,
Sullivan KM. Cumulative incidence of secondary
solid malignant tumors in aplastic anemia pa-
tients given marrow grafts after conditioning with
chemotherapy alone. Blood. 1992;79:289-291.

Deeg HJ, Socie G, Schoch G, et al. Malignancies
after marrow transplantation for aplastic anemia
and Fanconi anemia: a joint Seattle and Paris
analysis of results in 700 patients. Blood. 1996;
87:386-392.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Millen FJ, Rainey MG, Hows JM, et al. Oral squa-
mous cell carcinoma after allogeneic bone mar-
row transplantation for Fanconi anaemia. Br J
Haematol. 1997;99:410-414.

. Socie G, Devergie A, Girinski T, et al. Transplan-

tation for Fanconi’s anaemia: long-term follow-up
of fifty patients transplanted from a sibling donor
after low-dose cyclophosphamide and thoraco-
abdominal irradiation for conditioning. Br J
Haematol. 1998;103:249-255.

Guardiola P, Socie G, Li X, et al. Acute graft-ver-
sus-host disease in patients with Fanconi anemia
or acquired aplastic anemia undergoing bone
marrow transplantation from HLA-identical sibling
donors: risk factors and influence on outcome.
Blood. 2004;103:73-77.

Cox DR. Regression models and life-tables.
J Royal Stat Soc Series B (Methodological).
1972;34:187-220.

Kaplan EL, Meier P. Nonparametric estimation
from incomplete observations. J Am Stat Assoc.
1958;53:457-481.

Gaynor JJ, Feuer EJ, Tan CC, et al. On the use of
cause-specific failure and conditional failure prob-
abilities: examples from clinical oncology data.

J Am Stat Assoc. 1993;88:400-409.

Rosenberg PS. Hazard function estimation using
B-splines. Biometrics. 1995;51:874-887.

McCullagh P, Nelder JA. Generalized Linear
Models. 1st ed. London, United Kingdom: Chap-
man and Hall; 1983.

Benjamini Y, Hochberg Y. Controlling the false
discovery rate: a practical and powerful approach
to multiple testing. J Royal Stat Soc Series B
(Methodological). 1995;57:289-300.

Yekutieli D, Benjamini Y. Resampling-based false
discovery rate controlling multiple test procedures
for correlated test statistics. J Stat Plan Inference.
1999;82:171-196.

Liddell FD. Simple exact analysis of the standard-
ised mortality ratio. J Epidemiol Community
Health. 1984;38:85-88.

Klein JP, Moeschberger ML. Survival Analysis:
Techniques for Censored and Truncated Data.
New York, NY: Springer-Verlag; 1997.

Deeg HJ, Socie G. Malignancies after hematopoi-
etic stem cell transplantation: many questions,
some answers. Blood. 1998;91:1833-1844.

Alter BP. Radiosensitivity in Fanconi’s anemia
patients. Radiother Oncol. 2002;62:345-347.

Boulad F, Gillio A, Small TN, et al. Stem cell
transplantation for the treatment of Fanconi anae-
mia using a fludarabine-based cytoreductive regi-
men and T-cell-depleted related HLA-mis-
matched peripheral blood stem cell grafts. Br J
Haematol. 2000;111:1153-1157.

Boyer MW, Gross TG, Loechelt B, et al. Low risk
of graft-versus-host disease with transplantation
of CD34 selected peripheral blood progenitor
cells from alternative donors for Fanconi anemia.
J Pediatr Hematol Oncol. 2003;25:890-895.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

MacMillan ML, Auerbach AD, Davies SM, et al.
Haematopoietic cell transplantation in patients
with Fanconi anaemia using alternate donors:
results of a total body irradiation dose escalation
trial. Br J Haematol. 2000;109:121-129.

Guardiola P, Pasquini R, Dokal |, et al. Outcome
of 69 allogeneic stem cell transplantations for
Fanconi anemia using HLA-matched unrelated
donors: a study on behalf of the European Group
for Blood and Marrow Transplantation. Blood.
2000;95:422-429.

Socie G, Gluckman E, Raynal B, et al. Bone mar-
row transplantation for Fanconi anemia using
low-dose cyclophosphamide/thoracoabdominal
irradiation as conditioning regimen: chimerism
study by the polymerase chain reaction. Blood.
1993;82:2249-2256.

Alter BP, Greene MH, Velazquez |, Rosenberg
PS. Cancer in Fanconi anemia [letter]. Blood.
2003;101:2072.

Jansisyanont P, Pazoki A, Ord RA. Squamous
cell carcinoma of the tongue after bone marrow
transplantation in a patient with Fanconi’s ane-
mia. J Oral Maxillofac Surg. 2000;58:1454-1457.

Dufour C, Rondelli R, Locatelli F, et al. Stem cell
transplantation from HLA-matched related donor
for Fanconi’s anaemia: a retrospective review of
the multicentric Italian experience on behalf of
AIEOP-GITMO. Br J Haematol. 2001;112:796-
805.

Kapelushnik J, Or R, Slavin S, Nagler A. A flu-
darabine-based protocol for bone marrow trans-
plantation in Fanconi’s anemia. Bone Marrow
Transplant. 1997;20:1109-1110.

Medeiros C, Zanis-Neto J, Pasquini R. Bone mar-
row transplantation for patients with Fanconi ane-
mia: reduced doses of cyclophosphamide without
irradiation as conditioning. Bone Marrow Trans-
plant. 1999;24:849-852.

de Medeiros CR, Silva LM, Pasquini R. Unrelated
cord blood transplantation in a Fanconi anemia
patient using fludarabine-based conditioning.
Bone Marrow Transplant. 2001;28:110-112.

Ayas M, Solh H, Mustafa MM, et al. Bone marrow
transplantation from matched siblings in patients
with Fanconi anemia utilizing low-dose cyclo-
phosphamide, thoracoabdominal radiation and
antithymocyte globulin. Bone Marrow Transplant.
2001;27:139-143.

Ayas M, Mustafa MM. Results of allogeneic BMT
in 16 patients with Fanconi’s anemia. Bone Mar-
row Transplant. 2000;25:1321-1322.

Kutler DI, Wreesmann VB, Goberdhan A, et al.
Human papillomavirus DNA and p53 polymor-
phisms in squamous cell carcinomas from Fan-
coni anemia patients. J Natl Cancer Inst. 2003;
95:1718-1721.

Gillison ML, Lowy DR. A causal role for human
papillomavirus in head and neck cancer. Lancet.
2004;363:1488-1489.



